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EXPLOSIVES ACCIDENTS IN CALIFORNIA METAL MINES! 


2 
By S. H. Ash 


On Deceinber 2, 1932, tre Governor of California called upon the repre- 
sentatives of the mining industry of the State to attend a meeting at Sacra- 
mento to discuss ways and means of assisting in relieving some of its ver- 
nlexing and extremely distressing problems, particularly the mounting cost 
of accidents which faces the industry with an industrial insurance rate for 
classification of $11.85 per $100 of pay roll, effective January 1, 1933. 
fhe significance of this fact is at once apparent when it is realized that 
the classificaticn rates per $100 of pay roll for mining have steadily in- 
creased for scme time, as follows: $5.81 in 1924, $5.54 in 1925 and 1926, 
8.04 in 1927, $5.53 in 1928, $9.05 in 1929, $9.42 in 1930, $10.54 in 1931, 
010.99 in 1932, end $11.85 in 1933. In other words, the cost rates have 
Acre than doubled, while stetistics indicate that the accident rates have 
som an entirely different trend. 


At the meeting mentioned, one of the management officials sounded an 
effective keynote when he declared that a snade snould be called a spade. 
the perplexing problems of any industry can be approached best and remedies 
applied if that policy is kept to the front. It is appropriate to mention 
wat high accident rates and a decrease in wages in recent years Lave un- 
questionably accounted in part for a high unit cost rate on a pay-roll basis; 
it also is well to explain that the policy years® 1926 to 1930, inclusive, 
are the years on which the accident-cost experience for 1933 is based. That 
accident rates nave not undergone tke exnected beneficial change in Cali- 
fornia's experience is apparent in the words of a Bureau of Mines report: 


1 Tike Bureau of Mines will welcome reprinting of this article, provided the 
following footnote acknowledegment is used; "Reprinted from U. S. Bureau 
of Mines Information Circular 6725." 
District engineer, safety division, U. §. Bureau of Mines, Berkeley, Calif. 
A policy year includes all of the policies written during the designated 
year but refers to experience developed in the following calendar year. 
4 U.S. Bureau of Mines, Accident-Prevention Record of the Mining Industry 
in California in 1931: Health and Safety Survey, Demogrephical Division, 
dct. 26, 1952. <= 
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fue sefety record for mines in California in 1931 was better 
than that for 1936 and for most vears during tne past cecade, 
according to figures just co.amiled by the United States Bureau of 
dines from renorts received from operatiny comoanies through the 
Incustrial Accident Commission of California. Records for the 
State indicated an average rate of i109 accidents per million man~- 
hours of employment as co.pared with 120 in the previous year. On 
only turee occasions since 17°11 has the eccident rate for Cali- 
fornia mines been more favorable than it was last vear, these 
instances being in 1927, 1928, and 1929. 


Tne figures prcpared oy the Bureau of Mines for 1931, which 
covered all important isines and numerous small operations, showed 
a total of 640 mines e:anloviny 5,553 men who worlced a total of 
16,705,493 man-hours; this was 10 percent below the number of hours 


.worxed in 1930. Hach employee worked ean average of 241 days or 


1,940 nours. The averezve workins time in the precedinz year was 
col days or 2,014 hours per employee. Accidents caused 15 deaths 
and 1,160 nonfatal injurics. 


According to the Industrial Accident Commission's classification, 19 


men were killed during 1931. Of these deatis, three, or 15.78, percent, 
were caused by explosives--a sligntly higrer rate for explosives than in 


1230. 


T.e following list (table 1) of fatal accidents in the California 


mining industry in 1932 were renorted to the Industrial Accident Commission: 
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Table 1.- Fatal accidents in mining in Califcrnia curing 1932 


EE ee es ee 


Date Kiad : 
of of ae a eee Cause of accident 
accident | mine ae _ | 
Jan. Gold mine. Qver 50 & | Explosives (fuse and cetonator 


blasting). Picked into missed 
snot in winze. 
Over 100| 2 Explosives (fuse and detonator 
blesting). Stayed too long. 
Wet fuse. In drift. 


do. 


ars do. Less than 10 1 Caugkt in machinery on surface. 

MET Gold dredge. CVer 20 1 Felli from dredge; drowned; on 
surface. 

Apr. Gold mine. Less than 10 1 Fell down snaft. 

ADTs do. do. 20 1 Electrocuted. Signal wire 
charzed (in winze) with 440 
volts. 

Nay do. Over 100 1 Strucic by falling timber. 

| | Underground. 

“ay do. do. 1 Fall of rock. Underground. 

July Gold dredge. Cver 2 1 Electrocuted on dredge. 

. July Gold mine. Less than 10 1 Explosives (fuse and detonator 


blastinz) 7 holes. Carbide 
lanp extinguished. Stayed 
too lonz in winze. 
3 1 Explosives (fuse and detonators) 
~in drift. Primer exnloded, 
container fell, transporting 


Aug. do. 


Same. 

Sept. do. 3 1 Explosives (fuse end detonators) 
in drift. Stayed too long. 
Wet fuse. 2 woles. 

Sept. do. Over 100 1 Exnlosives (fuse and detonators). 
Starting raise, Sta;-ed too 
long. 15 holes. 

NCVe do. do. 1 ' Skip and shaft timber. 

Nove do. Less tuan 5 5 .| Suffocated, lack of ventila- 
tion. Shaft. 

Dec. do. Less than 10 1 Fall of roof in drift. 

DeCe do. Cver 50 1 Be and shaft timber. Under 

round. 

Dec. do. Over 10 2 gilled by cave caused by blast=- 
ine {fuse and de venetonsumted): 
Underground. 


oe we ee eee wee _ ee tee ee eee Eo 


Ades @oeeoeree 24 
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Cf the foregoing accidents it will be cbserved trat six resulting in nize 
fatalities are directly assigned to exnlosives and that two fatalities are in- 
directly ettributable to trem; the fatal accidents acsigmed directly to exlo- 
sives in 1932 caused 37.5 5 percent of tne total fatalities in the metal mines 
of the State for that year. 


It will be further observed trat all blasting was done by fuse and deto- 
nators, and that tivo eccidents witr tvuree fatalities occurred in winzes; tkree 
accidents which iiilea five men and injured turee occurred in drifts; and one 
accident killed one man while “e was starting a raise. According to table l, 
explosives accidents lead the list of fatalities as to cause in California for 
the year 1932. And the majority of these accidents, if not all of them, couls 
have been prevented by electric blasting. 


A study of the occurrence of mine accidents and their cost in . California 
indicates tuat tuere is a clear and vital distinction between the frequency 
and severity of accidents, and the cost of certain types of injuries; to these 
types of injuries belong tnuose resultinz from accidents caused by blasting or 
the use of explosives. : 


There will be no appreciable change in accident rates and the effect that 
taney have on the mounting costs of accidents unless there is a drastic reduc- 
tion in certain classes of accidents of comparatively low frequency but of 
marized sevcrity; among these accidents belong those resulting from the use of 
explosives. Any reduction in the frequency and severity of accidents from ez 
plosives can best be brought about by a recognition of unse fe practices and a 
suostitution of safer ones in their places. 


in all types of mining, inclucing coal mining, tiie second important cause 
of. fatalities from mine accidents usually is haulage; in California, nowever, 
explosives as a cause of accidents takes second place. It is evident that ex- 
plosives practice in the mines of California is not conducted in line with the 
safety standards set by mineral industries of the country as a wnole. fTuis is 
not due to the use of an excessive or unusual amount of explosives. ven in 
quarries where explosives are’ important agencies the accidents caused by ‘their 
use take third place. 


In the metal mines” of the United States during the S-year period 1926- 
1930, the use, or possibly the misuse, of exolosives caused 10.97 percent of 
the fatalities and 1.25 percent. of the nonfatal accidents; in the metal mines 
of California during the same neriod 12.60 percent of the fatalities and I.le 
percent of tne nonfatal eccidents were caused by explosives. 


Because explosives accidents in California are princinally in operationzs 
directly or indirectly connected with the brea'cting of the ground, it is tere 
,. that changes must be made in current practice if relief is to be obtained. 
for. tiis reason this report deals primarily with accidents connected with the 
loading and firing of holes. Fatal accident rates are more dependable as to 

accuracy than are nonfatal accident rates, particularly where small mines are 
| enemies: many ate Bcexeute are Bids shoes but fatalities are brovwst 
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to attention through varicus means, including the newspapers in cases of 
small mine accidents. 


SSVERITY AND COST CF EXPLOSIVES ACCIDENTS 


Cne of the outstanding facts connected with explosives accidents is 
their relatively great severity and resultant high accident cost. Althougiu 
for the period 1926-1980 explosives accidents accountec for only 1.12 per- 
cent of the nonfatal accidents, taking eleventh place as a cause of such 
accidents, they account for a high proportion of the permanent total and 
permanent partial disability accidents. An explosives accident is likely to 
result in fatalities or serious injuries or both, and tke number of blasting 
accidents at some mines indicates lax blastins practice in thuse properties. 


The importance of reducing explosives accidents is particularly empha- 
sized in a study of mine-accident costs. Although this type of accident 
accounted for nearly 17 percent of the fatalities over a considerable period, 
the accident cost was only 2.1 percent of the total, on account of the fact 
that single men predomimated among tle number killed end commensation is 
mich less for a fatality to a single man than to a married man. Tue severity 
of the nonfatal accidents from explosives and blasting is striking; eighteen 
nonfatal accidents, which are only 1.07 percent of the total, cost $115,205 
\compensatior and medical), or 19.4 percent of the total cost of all accidents. 
Tne cash outlay for industrial insurance alone, however, on account of the 
insurance cost in these instances, was approximately 194,000. 


Permanent partial disability injuries constitute 2.87 percent of the 
total number of all mining accidents in California and 28.75 rercent of the 
total cost of all such accidents... The same class of injuries from exolosives 
accounts for only 0.42 percent of the total number of mining accidents, but 
accounts for 12.68 percent of the total cost of all such injuries. This tyne 
of injury is of such nature that no malingering can be done. ivplosives tins 
appear to be responsible for approximately 44 percent of the cost of perinanent 
partial disability injuries in mining in California. Zlectric olasting nas 
pleyed no part in these injuries, so far as the writer is inftcrmcd, as very 
little if any. blasting has been done by electrical methais. Eowover, "staying 
too long," "short fuse," "premature blasts," "returned too socn," and "delayed 
blasts," with "missed shots" form the familiar list of causes, involving tke 
use oF possibly the misuse of blasting with fuse and detonators. Out of 169 
permanent partial disability accidents in Califorria's mining industry in tle 
period 1927-1920, eye injuries are of frequent occurrence, as tney amounted 
to 41, or nearly 25 percent of the accidents of this class. i.any of these 
injuries resulted from explosives or from flying particles raised by exolo- 
sives.  (f the 41 injuries, 22 were sustained by miners, + by mackers, 5 each 
by laborers and jackhammer men, 2 each by shift bosses and dredgumon,and 1 
each by a shaft man, blacksmith, loader, boiler repairman, and carpenter. 
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SI2E CF KING AND PERIOD OF OPS"ATION 


In any accident discussion of California mininz eeeeriense the size of the 
mine is a matter of importance. In 1930 California kad 476 active operations 
at wnich 5,941 men were emplo;;ed, indicating an average of 12.5 men per opere- 
tion. A detailed study shows that a mine employing 10 men is a large one in 
California. In the United States as a whole, statistics indicate that in 19H 
only 7.32 pereent of the total number of underground man-days were performed at 
mines employing 1 to 19 men, wiich, however, constituted 79.2 percent of tke 
operations, wuerees in California 22.25 percent of the total mumber of man-days 
were performed at mines emplo,,inz 1 to 19 men, mines of this size constituting 
84.3 percent of the operations. Statistics® also indicate that for any given 
class of mines graded according to muaber of men employed, tnose which. operate 
continuously zenerally have better safety records tian those that do not, and 
that larger mines usually have fewer accidents than smaller ones in proportion 
to the number cf men employed. Coordination of effort, an appreciation of a 
mutual problem, and widesnread education, especially insofar as blasting prac- 
tices are concerned, are essential if accidents in California mines are to be 
reduced. <As part of a movement toward accident reduction, the industry during 
the past year inaugurated a campaign of first-aid instruction which has re- 
sulted in complete or 100 percent training at some 26 mining operations, a 
total of es men being trained by the artes States Bureau of Mines. 


| The effect: of sleeves accidents is most ciietiodiag shown in study of 
mine accidents in a district involving a large mumber of small operatims. 
The revival of gold mining in 1929, 1920, 1931, and 1952 nas reopened a number 
of small properties, wnere in general the explosives practice has been anytaing 
but safe or efficient.. Investigations of explosives accidents at some com— 
paratively small operations and also at some large ones show that blasting at 
small operations almost invariably involves the use of fuse and detonators, 
and with the lack of inspection, -supervisicn,: and-care usually. found in small 
mining operations, blasting accidents become numerous and are likely to be 
severe in their effects. . 


In California: during 1930, a total of 390 metal dnd.nonmetallic mines 
employed 6,243 300-day workers who worked 1,875,148 man-days. Gold mining 
accounted for 72.57 percent of the. operations and 56.08 percent of the man— 
days; the respective figures for nonnetal mining were 14.86 percent and 21.23 
percent, for quici:silver mines 8.73 percent and 7. 52 percent, and for cooper 
mines 2.05 percent and 14, 55 percent. 


There are relatively few large mines in California in comparison with 
some States. <A group tabulation for 1930 shows in general tnat the average 
loss of time per accident is lower at the large mires than at the small mines, 
at woich the severit;, rate particularly is much higher. However, the smaller 
mines appear-to have much fewer nonfatal accidents per 1,000: shifts worked 
than do the larger mines; hence, the accident-frequency rate of the small 
mines seems better than that of the larger ones, at least for the year 1950. 


To i a a en 


6 Adams, William W., Work cited. 
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Because of the closer regulation of blasting in large mines, individual 
blasting accidents generally occur more often at small mines, particularly 
those that have been or are being reopened after a srut-down of several months 
or years. Of 80 fatalities in a group of small mines in California during tke 
years 1594 to 1909, inclusive, 24% were caused by explosives, 20 by falls of 
rocx, 17 by falls of persous, 13 by boistinz, and tke other 6 oy miscellaneous 
causes. Of the 24 listed zs caused by explosives, loading and firing holes 
killed 10, missed holes 9, transportaticn 3, end striiing explosives in the 
muck pile with a hammer, 2. This seems to indicate tnat the mistakes of 25 
years or more in the past are largely cf the same tyoe as those wiich occur 
todays evidently little progress has been mace, at least in so.ie phases of 
dDlasting in the metal mines of California. 


During the period 1925-1930, according to the Industrial Accident Com- 
mission of California, miners suffered 171 fatalities, of whic: 27 were caused 
by explosives: explosion, 15; premature blast, 5; overcome by fumes, 5; drilled 
into missed 2ole, 2; and 1 each for delayed blast and picking into missed wole.. 


Tne following descriptions cover some pecent explosives accidents in 
Celifornia's metal mines; 


1. On February 13, 1932, 35 shots of a round of 47 shots in a drift of a 
large Califcrnia gold mine had been lighted and 12 had not been lighted, but 
because four men remained too long at the place, three of them were iiiled and 
one was seriously injured. Two of them were shovelers who were standing by 
with carbide lamps for emergency. There had been trouble in spitting the 
fuses because they had become wet. 


Holes were drilled 5 to 6 feet deep. Forty percent gelatin dynamite was 
fired by No. 6 or 8 detonators, the latter in this case. Tue fuse was triple- 
taped, water-safety fuse used for wet ground and for iioles under weter. Deto- 
nators were crimped to the fuse on the surface, 7-foot lengths cf fuse being 
used for drifts. At shooting time it is customary for two men to light the 
fuses and two to stand by with carbide lamps. Having two men to stand by with 
lights is usually considered ample precaution to protect shot lisuters usix¢, 
carbide lights, but in this case the precaution merely added additional 
casualties. The evidence showed that the fuse became damp and it was neces- 
sary to cut several of them, which caused delay. Electric blasting was adopted 
following this accident. : 


2. A similar accident occurred at another large mine in this State on 
September 17, 1932, wnereby one man working in a raise lost his life trying 
alone to light 22 holes. 


3. On April 14, 1932, while two men in a winze in a small California 
cold mine were loading waste an explosion took place which for some unex- 
plained reason did them no injury. The winze is 5 by 10 feet in section and 
c4 holes had been fired of which three were reported as misfires. Forty per- 
cent gelatin dynamite with triple-tapo fuse and No. & detonators had been used. 
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Following this incident ti:e shots were fired electrically for a time. 
Shots were connected in series, using delay detonators, and fired by a 50-skot 
blasting machine; but beceuse of misftres, power blasting in varallel was 
being considered. On July cO, 1942, two men were sinking a winze and instead 
of using the electrical method provided, blasted by fuse and detonators. The 
fuses of two shots were li-tcted br carbide livhnts, one of wich was extinguiste, 
end after five more snots were lighted, one of the men left. The shots weat 
off and icilled cne man--a direct result of violation of safety orders and of 
common sense as well. Suciu acciients as this are lilely to be unimcvm with 
electric blasting and are very lilkel;« to continue as long as fuse is used. 


4. An exnlosives accident cccurred at a sa2ll California gold mine or 
July 24, 1982, resulting in tue deati: of one man and the injury of another. 
Turee holes had been drilled in the face of the drift and three primers had 
been prevared in three nalf-sticizts of dynamite on the surface; tiese primers 
and three sticks cf dynamite were placed in a vail which was being carried 
into the mine at the time of the accident. Wat caused the dynamite to ex- 
plode is not tmown, as there were n» witnesses to tie accident. The victin's 
lezs were practically blown off below tie :mees and he was otherwise injured, 
indicating tuat possibly the nail of explosiVes was cropped, the impact caus- 
ing the dynamite to explode. A box of exolcsives was stored on the surface 
anc at tie time was exnosed to the intense heat of the sun; with this type of 
carelessness in tne storing of explosives tuere is a possibility that undue 
exposure contributed to tue ‘Sensitiveness of the ex plosives. 


Tais accident, as well as others of a more" or less similar nature, empia- 
sizes tae fact that tue method of stora,je of explosives at some small mines 
is not conducive to safety, and it is also a good demonstration of the fact 
that the transportation of primers and explosives together is dangerous prac- 
tice, altnous: many mininz people do not hesitate to carry detonators anda 
explosives tosetuer and to minimize or éven to deride recommendations against 
the manifestly cangerous practice. | | 


5. An explosives accident occurred during 1932 at a California gold 
mine. A man had a contrect for sinitins a winze at a point about'170 feet 
from the shaft; four men were e:mloved on the contract or lease, two on each 
of two shifts. One shift had blasted a round of Loles using fuse and detona— 
tors; the other shift upon comings to work were informed that six holes had 
been reported as having missec, but tiie two xen proceeded into the mine, 
mucked out the rock, and found + vive missed holes but did aot find the sixtx. 


The superintendent came to tiie Loist house and upon finding that there 
were six missed l:oles, imaediately went into the inine and was at the winze 
at 10 a.m. The contractor asized if he coulée reblast tne missed Loles immedi-— 
ately, and the superintendent ordered ‘iim not to blast before noon as the 
smoke would interfere wit:. the workers in en adjacent stone. The superin- 
tendent left tie winze about 10;30 a.m. end had just reacied the staft static: 
about 170 feet away, when a report wes Leard. He and the sift boss ran vaci= 
and assisted in removing tie two men, one of whom was cead. | 
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The holes were in wet ground. Although what is classed as good fuse was. 
being used in this place, one or more misfires were occasionally reported. 
Following this accident it was decided that all blasting in this winze was to 
be done electrically; electric exploders had been used formerly by other 
operators, but their use had been discontinued. 


6. On September 14, 1932, a fatal accident caused by explosives occurred 
at a small California mine. By this accident two men were injured, one 
satally. A third man stationed at the portal was net injured. 


The writer went to investigate this accident, and was directed to the 
mine by two small boys. This fact is mentioned for tne reason that on arriv- 
in; at the mine a roll of waterproof, triple-tape fuse and some No. 6 blasting 
caps were in full view of the portal. There was no one around. It is remark- 
able that more children are not killed and injured at places wnere their 
inouisitiveness is subjected to such temptation. The writer uas visited 
several small mines at which explosives and explosives appliances are allowed 
to Jie around in a way that exhibits extreme carelescness and lack cf regula- 
tory measures to prevent seriaws accidents from indiscriminate use of such ma- 
terials. : 


This small mine is a typical one opened in gold-bearing gravel. About 15 
feet from the edge of the brush a few three-piece sets hold the ground open. 
The adit is then driven about 3-1/2 to 4 feet wide and 4-1/2 to 6 feet high 
for a distance of about 350 feet and is crooked and untimbered. The last 50 
feet of the adit was so wet that the flame on a'candle could be maintained 
only with difficulty and fuse would be cifficult to liznt. Two fuses, approxi- 
mately 3 feet long, found at the portal show that trouble had been previously 
experienced; the fuse had burned to the detonators but had failed to explode. 


In this instance it was plain to see what had happened. Two short holes 
2-1/2 to 3 feet long were drilled in the soft, wet gravel and sard formation 
at the face, which was about 16 feet in cross section; cone hole on the left 
side was standing, but evidence showed that the one on the right had gone off 
and caused the damage. The two holes were each loaded with one stick of dyna- 
mite (strength could not be ascertained) as a primer, using Ne. 6 detonators 
end 3 feet of so-called waterproof fuse. It was lmrned that the injured man 
w28 Standing about 10 to 15 feet benind the man who was. killed. The latter, 
after lightinz the first hole with his carbide light, had much difficulty in 
trying to light the second: because the fuse became wet; as the fuses were only 
S feet long, he liad very little time and as has occurred in numerous similar 
cases he remained too long. This accident undoubtedly would have been pre- 
vented had electric blasting been in use. 


The mine safety orders of California contain many provisions which, if 
followed, would eliminate most explosives accidents. <A study of accidents in 


which more than one man has been killed indicates that the safety orders are 
being disobeyed in many instanees. 
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At some of the large mines tne explosives storaze facilities, botn sur- 
face and underground, are in accordance with the best general practice, where- 
as at some others there is not even a pretense of safe or sane practice at 
tines. Unquestionably » poor prectice in storage of explosives is responsible 
for many of the accicents in connection with the use of explosives, and 
especially is peor practice responsible for misfires, premature i 
end gassing from blasting fries. 


of explosives lave not been or relative 


Accicents from transportaticn 
ainst them can be much improved, especially at 


inportance, but precautims ag 
sinall mines. 


Probably ne greater opportunity to reduce the more serious types of acci- 
dents in California mines is ofiered than by acopting more approved blasting 
methods. With the excention of a few instances in sinking shafts and winzes 
and in driving tunnels, blasting is usually done with fuse and detonators, 
and by tue miners themselves, with some assistance at times from the shift 
bosSe 


_ Experience in California with blasting by fuse and detonators demonstrates 
that 45 minutes as provided by law nermits unsafe interpretations and abuses, 
and is too shart a perioa before returninz to a missed shot. <A provision for 
an 8-hour interval wnere missed shots are suspected when using fuse and deto- 
nators would, if enforcec, aid materially in bringing about safer and more 
efficient blasting. This interval is provided by law in sone States, and sone 
States prohibit return to a missed hole until the next Cay. Tue interval be- 
tween blasting and returning to a shot tiat has failed to fire should be at 
least 2 or 3 hours under any system involving the use of fuse and detonators, 
‘and in fact with any l:ind of blasting in which ‘the present-day a or ex- 
plosives are employed. 


Of the total nuwaber of fatal eccidents in California mining for the pericd 
1925-1930, 1.76 vercent resulted from suffocation by powder smoke; @ major dis~ 
aster with a loss of 7 lives occurred from this. cause in 1917. These acci- 
dents are a result of returuing tco scon after blasting, use of improper ex 
plosives which procuce gases or of explosives which have been stored improperly 
blasting of Loles which Lave not been tamped with inert material, or possibly 
of inadequate ventilation. Although electric blasting rill not entirely pre- 
vent this type of accident, it will help materially to eliminate fumes from 
blasting’ by reducinz the poisonous fases from burning fuse and purning. explo~ 
sive, in addition to eliminatin;; otner unsafe practices. | 


Improper charging and overloadin,, not _only cause dangerous quantities of | 


poisonous gases and sremature shots but also cause delayed shots. | 


7 Harrington, D,, Data on Metal-Mine Ventilation in 1929: Inf. Circ. 6246, 
Bureau of Mines, February 1950, p. 7. 
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In open-pit work in California where the holes are sprung with dynamite 
and toen blasted with black powder, accidents have occurred from charzing the 
hole too soon after springing wnen tre heat in the bottom of the hole was suf= 
ficient to ignite the blac’: powder. 


No type of mine accident can be more easily reduced than can blasting 
accidents by substituting good blasting practice for unsafe practices. If 
good practice is backed up by intelligent instruction at the face, by effect- 
ive supervision, and by rigid but just discivline for violations, there is _ 
no doubt that considerable Sus hOrine can be eliminated and economic advantages 
gained in California mines. 


AN EXAMPLE OF CEANGE IN EXPLOSIVES PRACTICE 


Because sections of California® have been found to be gassy, including 
that section in which the tunnels’ of the Hetch Eetchy water-supply project 
of the city anc county of San Francisco are being driven, blasting practice 
on that project represents as nearly a maximum degree of safety achievement 
as is obtainable under existing circumstances. 


On account of the nature of the work involved in tunnel driving the use 
of explosives is one of the major operating items. Unsafe blasting practices 
offer th: greatest hazards in the average tunnel for large groups of the 
tunnel workmen. Blasting with long rounds inmost zround and with snort rounds 
in seamy and blocky ground is comzon tunneling and ore-mining practice. The 
use of explosives on the Hetch Hetchy project represents a transition from the 
former unsafe crowding practices of contracting work when using fuse and deto- 
nators, to the more modern and much safer method of using permissible explo- 
sives and electric blasting. Probably no better example of what can be accom- 
plished in safe blasting practice is to be found than in the experience of the 
Eetch Hetchy project. 


Between the years 1920 and 1923, four explosions caused b;y erplosives and 
in which the use of fuse and detonators was involved cost tne lives of 1l per- 
sons and inflicted injuries on 10 others; these explosions occurred during the 
driving of approximately 85,900 feet of the Hetch Eetchy tunnel. Following 
this period, electric blasting was adopted, since wien there has been only 
one explosive accident, involving a loss of one life, caused by tamping an 
electric, primer; an inert primer would have prevented tunis accident. During 
tue period 1924 to February 1, 1933, 227,080 feet of tunnel has been driven. 


There were eight surface magazines at the respective sections on the 
Coast Range division of the tunnel. These are built to conform to California 
laws of distances and are of bullet proof construction. 


8 Ash, S. E., and Rankin, J. H., Permissible Electric Cap Lamps and Ventila- 
tion in Certain California Mines and Water-Tunnel Construction: Bull. 
359, Bureau of Mines, 1932, pp. 2-4. 

9 Harrington, D., Progress of Metal-iiine Ventilation in 1930: Inf. Circ. 
6469, Bureau of Mines, 1931, pp. 5-12. 
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Tae exnlosives are taxen int» the tunnels by tne motorman. Two-compart- 
nent, insulated povder cars (nermitted by law, but “unquestionably not the 
ede practice) are provided for the explosives and detonators, wnicn are 

kevt separate. The traz sportati: ni’ or orLaers is alweys attendant. with soe 
danger. | ° 


Not more than 10C peunis of exclosive is storec uncerground. It is “ent 
in locked wooden boxes. T::is exclusive is surficient fcr sinzle-siact plugsirg 
only, which is done with permissible explosive and permissible sinzle~stot 
blasting units. Ixolosive sucficient for tle entire round un to 40 *oles is 
brought into a tunnel from tue surface. 


Explosives of the Geletin-Cclites and Uerco-Gels have been used since 
1950; electric detonators of No. 8 strength and delay tynes are used. Explo- 
sives and detonators are not Landled by the same man at thie same time. = Ti:ze 
ininers and shift boss load tne hiles. Cartricgses are usec and care is ta-wn 
to guard against air-snacing. Tie certriuges are slit and the explosive is 
carefully rammed. Clay stemniny: is usec and a wocden-tvne bar is used in tamp- 
ing. The priner is placed as the secone sticic in tue tottom of the nole. 


Rounds of 20 to 40 koles are drilled with compressed-eir drills using 
water. Four to seven sticcs of 1-1/8 by S-inell permissible explosive are 
used per hole and from 5 to 9 fect are "nulled," denencing on the cround. 


Shooting is done by a fire boss wns has satisfied the Industrial Accidert 
Conmission as te his elizibility to detect gos and to tatze precautions against 
Gas ignitions; one fire boss is employed on each shift. One to 40 shots are 
fired at one time, witn delay—action expl>cers. : | 


Power blasting in parallel (440 volts a.c.) is used for the main rounds, 
@ special blasting switchl0 controlling a momentary circuit of very sucrt dura- 
tion being used for this purpose. The locked switch is onerated by: tie fire 
voss from the shaft croescuts arter all mon have retreated abcut 5,000 feet 

or more from the face. 


Misfires were common prior tc tie edopticn of electric blasting, and are 
assigned as tne cause of all nrevicus exolosives accidents, costing 11 lives. 
No fatalities have deen caused oy iictires since adopting electric tlasting 
To nonfatal accidents occurred when old unexploded primers used for ee ae 
and carelessly not reported, were struck in pickin: for posts. Inert primers, 
it is believed, would nrevent tris tyne of accident; anc single-snot vlasting 
for vlug slots and yarallel blasting wita a nower circuit have eliminated mis- 
fires. | . - 


An-examinetion is carefully made after blasting to try to detect any mis- 
fires which may have occurred. In case of known or suspected misfires w:': 
are eae and renorted, a new primer is used and.tne hele fired after the 


Lo Soe. foctnote &. i a ie 5 ee 

ll Manning, K. I. C., and Soule, T.cmas, Blectrical Blastinz at the Morenci 
Mines of tne Phelps Dod-se Corporation, Morenci, Arizona; The Explosives 
EnS-, vol. 9, June and duly, 1931, pp. 209-212, 250r254 x 
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stemming has been removed by water jet. The legs of all electric detonators 
are short-circuited and the shcrt is removed following a check on the main 
line. It is impossible to close: tne circuit. unmowingly, and. openinz the line 
switches suorts the blasting line at the outby point. No record of misfires 
is available; however, they are rare and- appear to-»e-.a. result.of series 
blasting for plug shots when more eae one shot was fired from a “high-voltage 
power circuit. ch os 


The number of explosives accidents not- involving a loss of life in the 
tunneling operations of the entire State is not known. The use of the inert 
primer in tunneling operations would aid materially in preventing explosives 
accidents from missed shots, loading holes, strilsing primers, removing charges, 
and transportation, and would be a safeguard in various hazardous conditions 
in tunneling and metal=—niine overations. Such-a-primer appears to offer a 
feasible remedy for certain ‘types ‘of explosives accidents, wietner they in~ 
volve the use of fuse and detonators or of electric exploders. 


SUMMARY OF EXPLOSIVES “ACCIDENTS -IN -OALIFORNIA INDUSTRIES | 


The usé of éxplosives ‘has cost many lives and resulted in serious injuries 
in the mining, quarrving, and construction industries in California. A study 
of the se Ee ial accidents in construction work indicates tnat for tne same. 
number of shots fired, accidents occur most frequently in tunneling Sere ions, 
especially wken fuse and detonators-are used, .-The Industrial Accidess Commis- 
sion has a record of 133 explosives accidents resulting in a loss of life and 
serious injuries, 94 persons being -<illed and 46 injured. Table 2 shows some 
of the various factors involved:in the-135 accidents, but does not include all 
accidents whereby’ no one’ was izilled:-and sie injuries resultec, or of other 
accidents not directly involved in direct blasting operaticns. In the Cali- 
fornia mining industry, for the period 1924-1930, there were oO fatalities and 
129 injuriés (potential fatalities) from explosives from all causes. The 
blasting system in these instances was one involving the use of fuse and deto- 
nators. Until recently there has been no appreciable amount cf electric blast- 
ing in Cali‘ornian mines, although now it has been generally adovted in the 
larger and wore important tunneling operations; but fuse and Getunators con- 
tinue to be used in smaller tunneling jobs. 


‘Whether accidents would probably have been prevented if electric blasting 
methods iad been used instead of fuse and detonators is debatable to some ex~ 
tent, but tuere are accidents classed as caused by »remature explosi ons; 
Missed shots; short, fast, wet, and delayed fuse; crimping caps; spitting to 
MANY ¢ staying too long; returned too soon; counted too many suots; besides 
others, that unquestionably oute not have happened if electric blasting had 
been employed. , | 


Certain types of explosives accidents cannot be prevented wider certain 
practices (in long rounds, shafts, winzes, long raises) unless electric blast- 
ing is used. The data given in table 2 représent tiie combined opinion of the 
Safety Department of the State Industrial Accident Comnission and that of the 

writer. 
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ain Cali? ornian industries 


Taole 2. — Summary of typical explosives accidents — 


Py ei a. ° , ae : Sing re ” 
I cua See ee Te ee ee eee ee er ee ee re ee © 133 


Persons killed sols Gaawsagle Ginna nee soe eR aus eue nee meee. 94 oe 2 

Persons injured .o..se-.--- ere eT ee re ee pence: AB — 
Total killed and injured 2... cece nsrerconcerccceen eee ere 140 

Accidents: | : , : “243 — - 
At mines ........ occ e te eees asd aie svieiaereions ee te coos §=6059 


At quarries io PTO 
Cn construction (tunnels principally) ...c c.ccccccecccevesss SL 


Hiscellaneous ..cccccccccsccccessarce whe ea ae ee or ae eee ee 133 
Accidents using fuse ......... rbre ts eae atacand iateaeve ee alae owes eiivactiGie 150 
Accidents using electric blasting .............4. ere ee - 1 3 
Injured and killed according to cause; 

Fremature blasts ...... Sere ee pte Greses signe dparerery ae eaieics ee 11 

Stayed too long Sse GsE tk elae Sea e awe eeeeee Rt, ree, et htc ev 

Drilled or picked into missed hole ........ccewccccccccrces - 57 


Other causes (tamped too hard, shart fuse, detonators, Te- 
turned too soon) e@eeaeneeeoeeeeoeeeeveee oeeeeeereoeeveeveev eves oe eee @ 35 
Cause unknown @eeecvee eeeereees a aaa eeee0ees @eeeete le 140 


Accidents that probably would nave been less in frequency 
if electric blasting nad been used ........-eees ee eeees ee ee 114 


1f Two at tunneling operations. One caused by tamping primer and the other 


by stray current. 
GENERAL DISCUSSION 


Mine Safety Orders 1743 to 1745, inclusive, pertain to explosives prac- 
tice in California mines. 26 noncompliance, whether intentional or uninten- 
tional, with certain sections of these orders is in evidence almost every tine 
an accident occurs. Obviously, repeated and uneventful violation of safety 
rules is conducive to a tolerant attitude toward unsafe practice; nowever, uw- 
safe practice will sooner or later result disastrously. . Three pertinent sec- 
tions are part of Safety Order 1745, namely: 


The number of explosions in every blast, except in cases of 
simultaneous firing, shall be counted by the man firing the same, 
and if tne total number of explosions is less than the number of 
charges fired, a report of the discrepancy shall be made as the 
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superintendent shall direct. When a blast has been fired and it is 
not certain tnat all the charges nave exploded,-no person shall enter 
the place wnere such charges were placed witxin forty-five minutes 
after the explosion. ; 


(g) Yo man shall "spit" more than fifteen fuses at one time and 
snould it be necessary to blast a Stent: numoer of holes tnan fif- 
teen, he must have assistance. : 


(ic) Electric exploders only stall be used in shaf t sinkings, ex- 
cept when such use is not feasible. : 


Every one of these orders repeatealy has been found. to be deplorably de- 
ficient. — Experience would anpear to indicate that they are based on average—~p»- 
results rather than minimum requirements, and tne wording of an order some- 
times permits of a_eonstruction that inevitably leads to accidents. Fifteen 
fuses appear to be entirely too many for any one man to ignite, wren alone, 
except under most favorable conditions. Experiences cited in this report 
confirm the fact that under some conditions even two shots are too many when 
using fuse and detonator. Tie exception in section(k) just quoted nullifies —_ 
this section to the extent that it is almost universally evaded, as tunis re- — 
port shows in part by examples of explosives accidents. If there is one 
type of accident the avcidance of wrich calls for a close interpretation and 
compliance wits rigid orders, it is thet relating to explosives practice, and 
the industry eventually pays the bills for errors of practice in oman wreck- 
age and economic distress. 


Following the Mitchel] shaft disaster of 1930 at the Hetch Hetchy water- 
supply project where l2 men were killed—coming as it did almost immediately 
after the Alameda Creek tunnel disaster (7 lives lost), and the Glenn mine 
fire when 5 lives were lost—a committee!@ was appointed by the fovner Governor 
of California, This committee, among other things, recommended tat in Cali- 
fornia mines 


p. Wkere at all feasible, electrical blasting should supersede 
the prevailing use of fuse and detached "caps" or -detonators. How- 
ever, electrical blasting is by no means foolproof and there are 
definite hazards with delay action detonators, particularly where 
explosive gas may be found... Electric detonators should have the 
leg or leading wires shart circuited on the -surface before being 
sent undet.cound, and this "short" should be maintained until prac- 
tically ready to skoot. All blasting in sintting | shafts, dip slopes, 
and winzes should be by electricity. | a 


G. Explosives or detonators should not be stored at any point 
where an explosion would do damage to the exit for men, nor should 
they be left temporarily within 200 feet uf any shaft station. 


le See footnote 8. “ee 
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If tiere are to be any cnangesincurrent practice, the remedy is going 
to come in large part, if net completely, from the mining industry itself. 
Probably no activity in mine safety practice has a wider distribution of 
informative literature than that pertaining to explosives and tneir use; 
every Carton, every box, and every utility is accomanied with its usual ad- 
monishments and list of "don'ts." The solution of the problem of accidents 
from explosives is to adcpt what is ‘mown to be safe and efficient practice. 


. Most of the accidents that occur with explosives can be prevented. The 
safest methods today of handling and using. explosives cannot necessarily 
end unalterably be the metned cf tomorrow, and their discussion is beyond 
the scope of this repcrt. Among the many important services given by explo- 
sives manufacturers tc users of explosives is the sending of their technical- 
ly trained men into the field to show users the safest and most efficient 
methocs. This same procedure weuld, if followed by the safety departments 
of the State and the insurance carriers, be very effective. The work should 
consist of education in safer practices for all methods of blasting, and be 
of such a nature as to ve within the grasp of the workmen. The explosives 
companies, especially the group known as the Institute of Makers of Explosives, 
the State sefety department, the National Safety Council, and tne United States 
Bureau of Mines, all issue bulletins describing safe and dangerous practices; 
what apnears to be lacking is a definite and effective educational system at 
our mines. 


An undiased revéew of tuis literature will reveal the fact that electric 
vlasting methods are safer than methods using fuse and detonators. 


- Some of the comion reasons for not using electric blasting that are ad- 
vanced by ore miners, partly justifiable only because of its being an innova- 
tion, are as follows: .. 3 , 


1. Electric blasting is not believed to be feasible in stopes and 
in general ore-mining practice. 


2. There are no examples of such practices in metal mines. 


3. The conper wires will interfere with gold recovery in milling 
practice (California). | 


4. There is a lacic of knowledge of safe metnods, and no one with 
experience to instruct in the use of electric blasting methods. 


5. Comparisons are not indicative in metal mines because the num- 
ber of holes blasted under each system is not imown. 


6. Prejudice exists against electric caps. based on a lack of 
familiarity with their use. —- 


7. A fear exists that they are dangerous to handle. 
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8. <A belief prevails that an electric detonator woulc cost more 
than the combination of fuse and cap. 


9. Electric blasting involves a costly system of wiring and com- 
plicated electric devices. . 


10. Fuse blasting is simpler for the individual miner. 


ll. Fuse blasting is safer than poorly installed electrical blast- 
ing systems. 2 


l2.: Electric blasting is not believed to be feasible for bull- 
dozing. -. | oF | 


‘Explosives Records in Anthracite Mining Applicable to Ore Mining 


There are no published studies of any importance on ore-mining practice 
which compare blasting by fuse and detonators with electrical blasting 
methods. However, a study has been made of the Pennsy]vania anthracite blast- 
ing practice, by S. P. Howelll§ of the United States Bureau of Mines, whicn 
is @ valuable experience record for any one interested in explosives accidents 
and their prevention. The accidents discussed and the conditions under which 
they occurred have many counterparts in the ore-mining field. This is par- 
ticularly evident when it is realized that anthracite is hard, blasting is pre- 
dominantly off the solid in the sense that cutting or shearing is infrequently 
done, and considerable rock work is done for mining purposes; in fact, anthra- 
cite mining has numerous features and hazards analogous to those encountered 
in metal mining, even the fact that anthracite dust is not explosive. for 
this reason much more explosive is used per unit of anthracite production than 
of bituminous coal produced. 


Howell enumerates explosives accidents under 17 different classes and 
details circumstances accompanying 299 fatal and 386 nonfatal accidents in- 
volving an estimated firing of 161,265,750 shots, of which 4.4 percent were 
fired with squibs, 53.5 percent with fuse,‘ and 42.1 percent with electricity. 
It was found that the greater number of accidents involving explosives were 
caused by premature shots. In the ordero®f their frequency as to the method 
of firing used, it was found that when using squibs the rate was 12.2 acci- 
dents per million shots, 2.7 accidents per million fuse shots, and 1.9 acci- 
dents per million electrically fired shots. Howell says, "Unquesticnably, 
electrical firing of shots is by far the safest method." 


In reference to practice in the western metal-mining field, Manning and 
Soulel4 described a successful electrical blasting system at the Morenci mine 


13 Howell, S. P., Explosives Accidents in the Anthracite Mines of Pennsyl- 
vania, 1923-1927: Bull. 326, Bureau of Mines, 1931, 93 pp. 

14 Soule, Thomas, and Willians, W. J., How Can Blasting Accidents Be Elimi- 
nated?: Address before the California Safety Society, June, 1932. 
Soule, Thomas, Blasting with the Inert Primer: Address before the Cali- 
fornia Safety Society, July, 1932. 
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of tne Phuelys Dodge Corporation, Mcrenci, Ariz. nerticularly mentionin,; the 
use or tne inert.primer. It is reco.nizved that a careful analysis of actual 
blasting eccidents is of extreme value. Such an analsist® mas peen made oz 
the Morenci operation notin, misfires in particular. A careful investiga- 
tion was made of the results.of sl.ooting a total’ of more than 329,500 shots 
electrically with inert primers; nc misfires could be traced to the use of 
152,700 instantaneous electric detonators. The remaining 176, 800 detonators 
were of delay electric types, and of this number there was not a misfire tet 
could be traced to the inert primer where the holes were charged properly. 


Electric blasting systems are by no means free from hazards, and unless 
properly understood, installed, and operated, they can be danserous. Zlec- 
tric blasting is now required by all companies in Arizona metal mines for 
long raises and snaft work. It is required in Cntario in all shafts and 
steep raises. One large Arizona mine uses it exclusively for all classes of 
work, and ct.ers are seriously considering its adoption. ‘Tre averayre iiner, 
regardless of nationality, can be taught to blast electrically in a safe and 
efficient mouner, and there is absolutely nc good reason ‘why California's 
mines shoul”. not use olectrical blastin; throughout and be mace “ar safer 
tron they now are, | 


ACENOWLADGMENTS | 

This report is made ie by the cooperation of the State soenense 
tion Insurance Fund organization and the Safety Devartment of the I:custrial 
Accident Commission of tne State of California. Snecial aclmowlecziert-is 
mace.to C. HE. Fry, suserintendent of safety, and F. %. Lowell, c-icf rining 
envzineer, of the Safety Lepartinent of the Industrial Accident Commisiiion, +o 
Frank J. Creede, manager, anc J. J. Gallagher, secretar., of the Stave. Ccn- 

ensation Insurance Fund, and to the various explosives manufrc turers Wire se 
data have been drawn upon. a 
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